The effects of irradiation on cytokine production in glioma cell lines, NP1, NP2 and NP3, were studied. Culture supernatants were collected after 6, 24, 48 or 72 hours and the concentrations of in terleukin (IL)-6 and IL-8 measured by enzyme-linked immunosorbent assay. Spontaneous and IL-1&beta;-stimulated productions were analyzed.
Introduction
There is increasing evidence for bidirectional com munication between the immune and central nervous systems, especially mediated by soluble factors. Various human malignant glioma cell lines demonstrate similar immune-related responses, such as synthesis of interleukin (IL)-1,8,18,21) IL-6, 18,21,30) tumor necrosis factor (TNF)-a,2) granulocyte macrophage colony stimulating factor (GM-CSF)21) and basic fibroblast growth factor, 18) expression of human leukocyte antigen (HLA)-DR, ') and an in crease in HLA-DR expression following stimulation with interferon (IFN)-y.26) IL-1 is a cytokine with multiple biological actions in the regulation of the im mune, inflammatory, endocrine and central nervous systems. Biological activities include the induction of various cytokines such as GM-CSF and IL-6. 30 Radiotherapy is generally used in patients with malignant glioma. Any irradiation effect on cytokine production in glioma cells would be interesting, as bidirectional communication between the im munoregulatory and glioma cells would presumably change. In this study, we investigated the effects of ir radiation on the production of cytokines in human glioma cell lines.
Materials and Methods
I. Human glioma cell lines Three human glioma cell lines, NP 1, NP2 and NP3,29) were maintained in modified Eagle's medium (MEM) supplemented with 10% fetal bovine serum (FBS) (Nissui, Tokyo). All media were free of en dotoxin contamination (< 30 pg/ml).
II. Culture supernatants Cell lines (1 x 105/ml) were grown in MEM-1% FBS in 24-well plates (Corning, New York, N.Y., U.S.A.) incubated for 48 hours at 37°C under 5% CO2. The monolayer cells were washed three times with phosphate buffered saline, and MEM-1 % FBS with or without 50 IU/ml of IL-1/3 (Otsuka, Tokyo) was added. The cells were cultured under the same conditions for 6, 24, 48 or 72 hours. The super natants were then collected and stored at -80'C prior to assay.
III.
Radiation After the culture medium was replaced with fresh medium with or without IL-1l, some plates were ex posed to a single dose of Lineac radiation (10 or 20 Gy). The supernatants of the culture medium were then collected as above. Almost all tumor cells remained viable for at least 72 hours.
IV. Measurement of cytokine production Secretion of cytokines, IL-6 and IL-8, was measured using enzyme-linked immunosorbent assay with Quantikine D6000 and D8000 (R & D Systems, Inc., Minneapolis, Minn., U.S.A.). The optical density of each well at 450 nm was determined using a spectrophotometer.
A standard curve was prepared using standard solutions. By comparing the optical density of the samples to this standard 
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. Production of IL-6 Spontaneous production of IL-6 was about 10 1000 pg/ml. Production of IL-6 after stimulation by IL-113 was about 1000-80,000 pg/ml, both showing a gradual increase to a maximum after 72 hours (Tables 1 and 2 ). Spontaneous and IL-1l-stimulated productions were greater in the 20 Gy-irradiated cells than in the 10 Gy cells (p < 0.01) for all three cell lines.
II. Production of IL-8
Spontaneous production of IL-8 was about 100 10,000 pg/ml, gradually increasing to the maximum after 72 hours (Table 3 ). Production of IL-8 after stimulation by IL-1/3 was about 3000-500,000 pg/ ml, and was maximum after 48 or 72 hours (Table 4) . Spontaneous production increased more in the 20 Gy-irradiated cells than in the 10 Gy cells after 6 and 24 hours (p < 0.01). However, it increased more in the 10 Gy cells than in the 20 Gy cells after 48 and 72 hours (p < 0.01). Production stimulated by IL-i/3 in creased more in the 10 Gy cells than in the 20 Gy cells (p < 0.01) after 24 hours. Expression of the IL-6 gene may have deleterious effects upon the host and therefore synthesis must be tightly controlled. IL-8 is a cytokine produced by monocytes, fibroblasts and keratinocytes in response to stimula tion by lipopolysaccharide, IL-1 or TNF-c . In vitro IL-8 stimulates chemotaxis in neutrophils,',3') basophils and T-lymphocytes 16) but not in eosinophils,25) and the release of lysosomal enzymes and superoxide anions from neutrophils.23) In vivo, IL-8 causes rapid neutrophilia following in traperitoneal injection in mice or intravenous injec tion in rabbits.27) Glioma cells can release various cytokines such as an IL-1-like factor,') an IL-3-like factor,') IL 6,18,20,21,30) an IFN-/l-like factor") and transforming growth factor-/32.4) However, the biological roles of these factors are unknown. This may imply that glioma cell lines constitutively express IL-6 and IL-8 genes. The effects of irradiation on cytokine produc tion in glioma cells have not previously been in vestigated. Our results suggest that the production of IL-6 and IL-8 is enhanced by irradiation. However, the response to irradiation of IL-6 and IL-8 produc tion did differ. IL-6 production was more enhanced by 20 Gy irradiation than 10 Gy irradiation, while IL-8 production was more enhanced by 10 Gy irradia tion than 20 Gy irradiation.
The biological damage caused by x-rays is general ly believed to be direct and indirect mediated by free radicals." Presumably irradiation acts on cytokine production at the transcriptional or translational level, etc. Akira et al.') reported the isolation of a recombinant clone encoding NF-IL6, a nuclear fac tor involved in IL-6 gene expression. NF-IL6 bound to the transcriptional regulatory regions found in several acute-phase genes and other cytokine genes, including IL-8 and IL-1, implies that NF-IL6 may be involved in the regulation of acute-phase reaction, in flammation and hemopoiesis. However, other fac tors besides NF-IL6 may act in IL-6 and IL-8 produc tion because of the differences in response to irradia tion.
We always use radiotherapy for malignant glioma patients. The present study suggests that the cytokine network is changed by such irradiation, and the biological effect of irradiation should be considered from this approach.
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